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measuring a Raman spectrum of a substance to be detected so as
to obtain a measured spectrogram, the measured spectrogram

including a series of data

|

v

extracting peak information of the measured spectrogram, the
peak information including a peak intensity, a peak position and a

peak area

l

comparing the peak information of the measured spectrogram
with peak information of a prestored standard spectrogram so as
to 1dentify whether or not the peak information of the measured
spectrogram matches the peak information of the standard

spectrogram

;

comparing, when identifying 1n the first identifying step that the

peak information of the measured spectrogram matches the peak
information of the standard spectrogram, data of the measured
spectrogram with data of the prestored standard spectrogram, so
as to further 1identity whether or not the measured spectrogram

matches the standard spectrogram

Figure 1
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METHOD FOR IDENTIFYING RAMAN
SPECTROGRAM AND ELECTRONIC
APPARATUS

PRIORITY APPLICATIONS

This application 1s a U.S. National Stage Filing under 335
US.C. 371 from International Application No. PCT/

CN2017/112915, filed on Nov. 24, 2017/, and published as
WO2018/121151 on Jul. 5, 2018, which claims the benefit of
priority to Chinese Application No. 201611222588.0, filed
on Dec. 26, 2016; the benefit of priority of each of which 1s
hereby claimed herein, and which applications and publica-
tion are hereby incorporated herein by reference in their
entirety.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to the field of
spectrogram analyzing and processing technologies, and 1n
particular to a method for identifying a Raman spectrogram,
and an electronic apparatus.

DESCRIPTION OF THE RELATED ART

Raman spectrum 1s a molecular vibration spectrum that
can reflect the fingerprint characteristics of molecules, and
can be used for the inspection of substance. Raman spectrum
detection can imspect and identify the substance by the
Raman spectrum generated from the Raman scattering eflect
of the ispected substance with respect to exciting light.
Raman spectrum detection technology has been widely used
in the fields of liquid detection, jewelry detection, explosive
detection, drug detection, pesticide detection and the like.

When analyzing and processing a spectrogram of the
Raman spectrum, a problem to be often faced 1s how to
cllectively and quickly determine whether or not a Raman
spectrogram of the nspected substance matches a standard
spectrogram.

The existing Raman spectrogram modeling method usu-
ally selects the data information of the spectrogram for
modeling directly, and then matches the Raman spectrogram
of the detected substance with the standard Raman spectro-
gram 1n a standard library, which not only has a low
recognition rate, but also has a relatively higher computing,
time. And can not retlect the advantages of Raman recog-
nition.

SUMMARY

According to an aspect of the present disclosure, there 1s
provided a method of i1dentifying a Raman spectrogram,
comprising;

a measured spectrogram obtaining step: measuring a
Raman spectrum of a substance to be detected so as to obtain
a measured spectrogram, the measured spectrogram 1nclud-
ing a series ol data;

a peak information extraction step: extracting peak infor-
mation of the measured spectrogram, the peak information
including a peak intensity, a peak position and a peak area;

a first identiiying step: comparing the peak information of
the measured spectrogram with peak information of a pre-
stored standard spectrogram so as to identily whether or not
the peak information of the measured spectrogram matches
the peak information of the standard spectrogram; and

a second 1dentifying step: comparing, when 1dentifying in
the first identifying step that the peak information of the
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measured spectrogram matches the peak information of the
standard spectrogram, data of the measured spectrogram
with data of the prestored standard spectrogram, so as to
further i1dentity whether or not the measured spectrogram
matches the standard spectrogram.

According to some embodiments, the first identifying step
COmprises:

an ordering step: ordering peaks of the measured spec-
trogram and peaks of the standard spectrogram 1n a descend
order of a peak intensity respectively, so as to select first
ordered N peaks of the measured spectrogram and the
standard spectrogram;

a comparing step: comparing peak position mformation
between the first ordered N peaks of the measured spectro-
gram and the standard spectrogram; and

a first matching step: determining whether or not the peak
information of the measured spectrogram matches the peak
information of the standard spectrogram based on a com-
parison result obtained in the comparing step.

According to some embodiments, the comparing peak
position information between the first ordered N peaks of the
measured spectrogram and the standard spectrogram 1n the
comparing step specifically comprises:

calculating absolute differences between peak positions of
cach of the first ordered N peaks of the measured spectro-
gram and peak position of each of the first ordered N peaks
of the standard spectrogram in order in accordance with the
following formula (1):

pD=|p2[j]./Pos—pl[i].fPos! formula (1),

where, N 1s a predetermined number of compared peaks
and 1s a natural number larger than or equal to 3;

1 represent order numbers of ordered peaks of the standard
spectrogram and the measured spectrogram respectively,
and 1 and 7 are each an integer larger than or equal to 0 and
smaller than or equal to N;

pl1[i].fPos represents a peak position of the i peak of the
ordered peaks of the standard spectrogram:;

p2[j].fPos represents a peak position of the i peak of the
ordered peaks of the measured spectrogram; and

pD represents an absolute diflerence between peak posi-
tions.

According to some embodiments, the first matching step
COmMprises:

determining that the peak information of the measured
spectrogram matches the peak information of the standard
spectrogram  when the calculated absolute difference
between the peak positions meets the following condition
(1); and

determining that the peak information of the measured
spectrogram does not match the peak information of the
standard spectrogram when the calculated absolute differ-
ence between the peak positions does not meet the following
condition (1):

pD<p2[]/Width/3 and pD<p1[i]/Width/3

where, pl[1].1Width represents a peak width of the
ordered i” peak of the standard spectrogram; and p2[j]
fWidth represents a peak width of the ordered i peak of the
measured.

According to some embodiments, the first identifying step
further comprises:

a peak matching weight calculation step: establishing a
penalty function in accordance with the following formula
(2) so as to calculate a peak matching weight; and

a second matching step: determining that the peak infor-
mation of the measured spectrogram matches the peak

condition (1),
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information of the standard spectrogram when peak match-
ing weight 1s larger than or equal to a weight threshold; and
determining that the peak information of the measured
spectrogram does not match the peak information of the

standard spectrogram when peak matching weight 1s smaller
than the weight threshold,

h=(1-2%j-i1/10)*(0.5/(i+1))*exp(-pD*2/min(p1][i]

ledth Dp2[7].fWidth)) formula (2),

where:

h represents a peak matching weight;

1, ] represent order numbers of ordered peaks of the
standard spectrogram and the measured spectrogram respec-
tively, and 1 and j are each an integer larger than or equal to
0 and smaller than or equal to N;

N 1s a predetermined number of compared peaks and is a
natural number larger than or equal to 3;

pD represents an absolute difference between peak posi-
tions;

pl1[i].fWidth represents a peak width of the i’ peak of the
ordered peaks of the standard spectrogram; and

p2[i].fWidth represents a peak width of the i peak of the
ordered peaks of the measured.

According to some embodiments, the peak matching
weight calculation step and the second matching step are
performed when determining that the peak information of
the measured spectrogram matches the peak information of
the standard spectrogram in the first matching step.

According to some embodiments, N 1s a natural number
larger than or equal to three and smaller than or equal to five.

According to some embodiments, the second 1dentifying
step comprises:

comparing in correlation between data of the measured
and data of the prestored standard spectrogram.

According to some embodiments, the comparing in cor-
relation between data of the measured and data of the
prestored standard spectrogram comprises:

calculating a correlation coeflicient between the data of
the measured and the data of the prestored standard spec-
trogram;

determining that the measured spectrogram matches the
standard spectrogram when the calculated correlation coet-
ficient 1s larger than or equal to a preset correlation thresh-
old; and

determining that the measured spectrogram does not
matches the standard spectrogram when the calculated cor-
relation coeflicient 1s less than the preset correlation thresh-
old.

According to some embodiments, the step of comparing
in correlation between data of the measured and data of the
prestored standard spectrogram 1s performed within a union
section between peak areas of all of peaks of the measured
spectrogram and the standard spectrogram.

According to some embodiments, the method further
comprises: a normalization step: normalizing the measured
spectrogram and the standard spectrogram;

wherein the normalization step i1s performed before the
peak information extraction step.

According to a further aspect of the present disclosure,
there 1s also provided an electronic apparatus, comprising;

a memory lor storing executable instructions therein; and

a processor configured to execute the executable mnstruc-
tions stored 1n the memory to perform the method described
in any one of aspects of embodiments of the present disclo-
sure.

BRIEF DESCRIPTION OF THE

DRAWINGS

FI1G. 1 1s a tflow chart schematically showing a method for
identifying a Raman spectrogram according to an embodi-
ment of the present disclosure;
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FIG. 2 schematically shows a peak of a Raman spectro-
gram of a substance;

FIG. 3 1s a flow chart schematically showing matching
and 1dentifying of a measured spectrogram and a standard
spectrogram by using a method for identifying a Raman
spectrogram according to an embodiment of the present
disclosure; and

FIG. 4 1s a block diagram showing an example hardware
arrangement ol an electronic apparatus for executing the
method according to embodiments of the present disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

T

Technical solutions of the present disclosure will be
described hereinatter in more detail by the way of embodi-
ments with reference to the accompanying drawings. The
same or similar reference numerals refer to the same or
similar elements throughout the description. The description
of the embodiments of the present disclosure made with
reference to the accompanying drawings i1s intended to
interpret the general inventive concept of the present dis-
closure, rather than being construed as a limiting to the
present disclosure.

In this text, for purpose of description, phrases such as
“first, “second”, “A, B, C” and the like are used to describe
steps 1n a method, but unless otherwise specified, such
phrases should not be construed as a limiting to a sequence
ol performing the steps.

FIG. 1 schematically shows a method for identifying a
Raman spectrogram according to an exemplary embodiment
of the present disclosure. As shown in FIG. 1, the method
may comprise:

a measured spectrogram obtaining step: measuring a
Raman spectrum of a substance to be detected so as to obtain
a measured spectrogram, the measured spectrogram includ-
ing a series ol data;

a peak information extraction step: extracting peak infor-
mation of the measured spectrogram, the peak information
including a peak intensity, a peak position and a peak area;

a first identifying step: comparing the peak information of
the measured spectrogram with peak information of a pre-
stored standard spectrogram so as to 1dentify whether or not
the peak information of the measured spectrogram matches
the peak information of the standard spectrogram; and

a second 1dentifying step: comparing, when identifying in
the first identifying step that the peak information of the
measured spectrogram matches the peak information of the
standard spectrogram, data of the measured spectrogram
with data of the prestored standard spectrogram, so as to
turther identify whether or not the measured spectrogram
matches the standard spectrogram.

In embodiments of the present disclosure, before com-
paring data of the measured spectrogram and data of the
prestored standard spectrogram, that 1s, before the second
identifving step, the first identifying step 1s performed, that
1s, the peak information of the measured spectrogram is
compared with peak information of a prestored standard
spectrogram. The second identifying step will be performed
only when 1t 1s determined in the first identifying step that
the peak information of the measured spectrogram matches
the peak information of the standard spectrogram; 1if 1t 1s
determined 1n the first identitying step that the peak infor-
mation of the measured spectrogram does not match the
peak information of the standard spectrogram, 1t can be
directly determined, without performing the second ident-
tying step, that the measured spectrogram does not match
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the standard spectrogram. As such, by companng the peak
information, an 1mitial screening and selecting effect could
be achieved. Further, compared to data of the whole section
of the Raman spectrogram, the amount of data of the peak
information 1s much small, and accordingly a calculation
amount of comparing the peak information will be greatly
reduced. Thus, by providing the first 1dentifying step, the
calculation amount can be greatly reduced, thereby increas-
ing an 1dentitying speed and improving an identifying
accuracy.

Further, the above method may further comprise a nor-
malization step: normalizing the measured spectrogram and
the standard spectrogram. In an embodiment, the normal-
1zation step 1s performed before the peak information extrac-
tion step.

Specifically, 1t horizontal ordinates of the measured spec-
trogram do not correspond to those of the standard spectro-
gram, that 1s, the measured spectrogram include intensity
data which are located at a Raman shift position different
from the standard spectrogram, then intensity data at other
Raman shift positions may be firstly calculated through
interpolation calculation based on raw data of the measured
spectrogram and the standard spectrogram, thereby trans-
forming the measured spectrogram and the standard spec-
trogram so that they are located at a same Raman shift
position. For example, 1n an example, the Raman shift
position may be set as [350: 2: 2800] cm™", where, 350 cm™"
and 2800 cm™' represent minimum and maximum Raman
shift positions respectively, “2” represents an interval step
length, that is, respective Raman shift positions are 350
cm™ ', 352 ecm™, 354 cm™, 356 cm™*, and so on, until 2800
cm™'; then, if the raw data of the measured spectrogram and
the standard spectrogram do not include intensity data at
those Raman shift positions, the intensity data at those
Raman shift position may be calculated through interpola-
tion calculation based on the raw data of the measured
spectrogram and the standard spectrogram, thereby the mea-
sured spectrogram and the standard spectrogram are trans-
formed so that they are located at a same Raman shiit
position [350: 2: 2800] cm™', and the transformed measured
spectrogram and standard spectrogram are referred to as
measured spectrograms A', B' respectively. Further, 1t lon-
gitudinal coordinates of the measured spectrogram do not
correspond to those of the standard spectrogram, that 1s, the
intensity data of the measured spectrogram and the intensity
data of the standard spectrogram are not located 1n a same
reference system or are measured in different measurement
ranges, the measured spectrogram A' may be transformed
into the standard spectrogram B'. For example, in an
example, maximum values, max (A') and max (B'), of the
longitudinal coordinates of the measured spectrogram A' and
B' may be selected respectively, and then a ratio of max (A')
to max (B') may be used as a normalization coeflicient of the
longitudinal coordinates, such that discrete data of the
measured spectrogram A' are multified by the normalization
coellicient so that the measured spectrogram A' 1s trans-
formed 1nto the standard spectrogram B'. In other embodi-
ments, the standard spectrogram may be kept being not
changed, and rather, the measured spectrogram 1s directly
normalized into the standard spectrogram.

In the below, before further describing the method for
identifying a Raman spectrogram according to the embodi-
ments of the present disclosure, the peak information of a
Raman spectrogram will be described 1n detail with refer-
ence to the accompanying drawings.

FIG. 2 shows a peak of a Raman spectrogram of a
substance. Peak information of the Raman spectrogram may
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include a peak area, a peak position, a starting point and an
ending point, a peak width w, a peak intensity, or the like of
a peak. Generally, a horizontal ordinate of the Raman
spectrogram represents a Raman shift wave number (1n a
unit of cm™'), while a longitudinal coordinate represents the
intensity of the Raman spectrum (dimensionless or denoted
by a.u.). When performing mathematical calculation, it may
be considered that the Raman spectrogram includes a set of
discrete data points, as denoted by black dots shown 1n FIG.
2, a horizontal ordinate of the data point may be referred to
as a wave number, while a longitudinal coordinate of the
data point may be referred to as an itensity value; that 1s,
the Raman spectrogram includes a series of data, each of
which may include a wave number and an intensity value
corresponding to the wave. In this way, as shown 1n FIG. 2,
the peak position may a position of a highest point P of the
peak, that 1s, the wave number corresponding to the point
“P”; the starting point and the ending point of the peak may
be wave numbers corresponding to a starting point S and an
ending point E of the peak respectively; the peak width w
may be a width defined by the starting point S and the ending
point E of the peak, that 1s, a diflerence between the wave
number of the ending point E and the wave number of the
starting point S of the peak; the peak area includes a section
defined by the starting point S and the ending point E of the
peak; and the peak intensity may be represented by an
intensity value at the highest point P of the peak.

Herematter, a method for identifying a Raman spectro-
gram according to an embodiment of the present disclosure
will be described 1n detail with reference to FIG. 3.

A method for 1dentifying a Raman spectrogram according
to an embodiment of the present disclosure may comprise:

a measured spectrogram obtaining step: measuring a
Raman spectrum of a substance to be detected so as to obtain
a measured spectrogram, the measured spectrogram includ-
ing a series ol data;

a peak information extraction step: extracting peak infor-
mation of the measured spectrogram, the peak information
including a peak intensity, a peak position and a peak area;

a first identifying step: comparing the peak information of
the measured spectrogram with peak information of a pre-
stored standard spectrogram so as to 1dentify whether or not
the peak information of the measured spectrogram matches
the peak information of the standard spectrogram; and

a second 1dentifying step: comparing, when identifying in
the first identifying step that the peak information of the
measured spectrogram matches the peak information of the
standard spectrogram, data of the measured spectrogram
with data of the prestored standard spectrogram, so as to
further identity whether or not the measured spectrogram
matches the standard spectrogram.

As shown in FIG. 3, a standard spectrogram library
prestores a plurality of standard spectrograms, for example,
a standard spectrogram 1, a standard spectrogram 2, . . . a
standard spectrogram n, and correspondingly, respective
standard spectrograms include corresponding peak informa-
tion 1, peak information 2, . . . peak information n.

According to embodiment of the present, as shown 1n
FIG. 3, the first 1dentifying step may further comprise a
“peak position matching™ step, which may include:

an ordering step: ordering peaks of the measured spec-
trogram and peaks of the standard spectrogram 1n a descend
order of a peak intensity respectively, so as to select {first
ordered N peaks of the measured spectrogram and the
standard spectrogram;
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a comparing step: comparing peak position imformation
between the first ordered N peaks of the measured spectro-
gram and the standard spectrogram; and

a first matching step: determining whether or not the peak
information of the measured spectrogram matches the peak
information of the standard spectrogram based on a com-
parison result obtained in the comparing step.

According to some embodiments, the step of comparing
peak position information between the first ordered N peaks
of the measured spectrogram and the standard spectrogram
in the comparing step may specifically include:

calculating absolute differences between peak positions of
cach of the first ordered N peaks of the measured spectro-
gram and peak position of each of the first ordered N peaks
of the standard spectrogram 1n order in accordance with the
following formula (1):

formula (1),

pD=p2[j].fPos-p1[i].fPos|

where, N 1s a predetermined number of compared peaks
and 1s a natural number larger than or equal to 3;

1 represent order numbers of ordered peaks of the standard
spectrogram and the measured spectrogram respectively,
and 1 and 7 are each an integer larger than or equal to 0 and
smaller than or equal to N;

pl[i].fPos represents a peak position of the i” peak of the
ordered peaks of the standard spectrogram;

p2[i].fPos represents a peak position of the i peak of the
ordered peaks of the measured spectrogram; and

pD represents an absolute difference between peak posi-
tions.

According to some embodiments, the first matching step
may specifically include:

determining the peak information of the measured spec-
trogram matches the peak information of the standard spec-
trogram when the calculated absolute difference between the
peak positions meets the following condition (1); and

determining the peak information of the measured spec-
trogram does not match the peak information of the standard
spectrogram  when the calculated absolute difference
between the peak positions does not meet the following

condition (1):

pD<p2[7]./Width/3 T pD<p1[i]./Width/3

condition (1),

where, pl[1].AWidth represents a peak width of the
ordered i” peak of the standard spectrogram; and p2[j]
fWidth represents a peak width of the ordered j” peak of the
measured.

In an embodiment, N 1s a natural number larger than or
equal to three and smaller than or equal to five. If the value
of N 1s smaller, for example, 1f N 1s less than 3, the number
of compared peaks 1s too small, which 1s not advantageous
for screening and selecting a standard spectrogram having
peak mformation corresponding to the peak imnformation of
the measured spectrogram, that 1s, not advantageous for
identification validity; 1f the value of N 1s too large, 1t will
increase a calculation amount for comparing the peak infor-
mation and thereby may adversely aflect a calculation speed
for comparing the peak information. In case that N 1s a
natural number larger than or equal to three and smaller than
or equal to five natural number, both the validity and
calculation speed of identifying the peak information will be
taken 1n account.

Further, as shown 1n FIG. 3, the first identifying step may
also mclude a “screen filter” step, which may specifically
include:
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a peak matching weight calculation step: establishing a
penalty function in accordance with the following formula
(2) so as to calculate a peak matching weight; and

a second matching step: determining that the peak infor-
mation of the measured spectrogram matches the peak
information of the standard spectrogram when peak match-
ing weight 1s larger than or equal to a weight threshold; and
determining that the peak information of the measured
spectrogram does not match the peak information of the
standard spectrogram when peak matching weight 1s smaller
than the weight threshold,

h=(1-2%j—il/10)*(0.5/(i+1))*exp(—pD*2/min(p1|[i]
7 Wldth P27 ]./Width))

where:

h represents a peak matching weight;

“min(pl[1].1Width,p2[1].1Width)” represents a smaller
one of the pl1[1].1Width and the p2[;].1Width; and

“exp” represents a power function with a base of natural
logarithm of e.

In embodiments of the present disclosure, the peak match-
ing weight calculation step and the second matching step are
performed when determining that the peak information of
the measured spectrogram matches the peak information of
the standard spectrogram 1n the first matching step. In order
words, 1n embodiments of the present disclosure, the calcu-
lation based on the penalty function and the comparing of
peak matcmng weilghts will be performed only when it 1s
determined 1n the first matching step that the absolute
differences of the peaks meet requirements. Similarly, since
the amount of calculation for the absolute differences of the
peaks 1s less than the amount of calculation for the penalty
function, a preliminary screening operation will be pre-
formed through the calculation of the absolute diflerences of
the peaks before the calculation of the penalty function, so
that the amount of calculation can be greatly reduced
thereby improving speed and accuracy of i1dentification.

According to an embodiment of the present disclosure,
the second 1dentifying step may include: comparing in
correlation between data of the measured and data of the
prestored standard spectrogram, as indicated by a “correla-
tion calculation” step shown in FIG. 3.

In an embodiment, the step of comparing 1n correlation
between data of the measured spectrogram and data of the
prestored standard spectrogram comprises:

calculating a correlation coeflicient between the data of
the measured spectrogram and the data of the prestored
standard spectrogram, determining the measured spectro-
gram matches standard spectrogram when the calculated

correlation coeth

formula (2),

icient 1s larger than or equal to a preset
correlation threshold; and determining the measured spec-
trogram does not match standard spectrogram when the

calculated correlation coetlicient 1s smaller than the preset
correlation threshold.

Specifically, the correlation coetlicient 1s a parameter for
studying a linear correlation between variables and 1s used
for determining a relationship between vectors. For
example, there are feature vectors X (x1, x2, ..., xn) and

Y (vl, y2, ..., yn), and a correlation coeflicient r between
them may be defined as follows:

D =Ty - )
=1

M

\Z(xf -3P- 3 (5= 9

=1
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where, X and y represent mean values of the vectors X and
Y respectively, and 1 represents 1 datum of the vector.

According to an embodiment of the present disclosure,
the step of comparing 1n correlation between data of the
measured spectrogram and data of the prestored standard
spectrogram 1s performed within a union interval of peak
areas of all of peaks of the measured spectrogram and the
standard spectrogram. That 1s, the step of comparing 1in
correlation between data of the measured spectrogram and
data of the prestored standard spectrogram 1s not performed
within the whole interval of the spectrogram, rather, i1s
performed within a union interval of peak areas of all of
peaks of the measured spectrogram and the standard spec-
trogram. The “union interval of peak areas of all of peaks of
the measured spectrogram and the standard spectrogram”
herein represents an interval consisted of peak areas of all of
peaks of the measured spectrogram and the standard spec-
trogram. As such, the amount of data that needs to be
compared for correlation can be further reduced, thereby
turther increasing the operation speed and ensuring the
accuracy of the calculation.

In embodiments of the present disclosure, the measured
spectrogram and the standard spectrograms are initially
screened by comparing a local feature (the “peak™), by using
the peak imformation of the spectrograms. After the mnitial
screening, the global comparison of data of the spectrograms
1s performed. This can not only greatly shorten the matching
and 1dentifying time, but also improve the accuracy of
matching and identifying. Moreover, 1n the “peak position
matching” and “screen filter” steps shown FIG. 3, if 1t 1s
determined that the peak information of the measured spec-
trogram does not match the peak information of the standard
spectrogram, the matching process 1s terminated immedi-
ately without the need for a subsequent matching and
identifying process, which can greatly improve the calcula-
tion speed when determining the mismatch therebetween.
The test proves that the matching and identifying time 1is
shortened to be about 5% of a conventional method, and the
accuracy of the matching recognition 1s improved by 10%.

According to a further embodiment of the present disclo-
sure, an electronic apparatus 1s also provided, and FIG. 4 1s
a block diagram showing an exemplary hardware arrange-
ment of the electronic apparatus 400. The electronic appa-
ratus 400 1ncludes a processor 406 (for example, a micro-
processor (uP), a signal processor (DSP), etc.). The
processor 406 may be a single processing unit or a plurality
of processing units for performing the different actions of the
method steps described herein. Electronic apparatus 400
may also include an input unit 402 for receiving signals from
other entities and an output unit 404 for providing signals to
other entities. The mput unit 402 and the output unit 404
may be arranged as a single entity or as separate entities.

Furthermore, the electronic apparatus 400 may include at
least one computer readable storage medium 408 having a
non-volatile or volatile storage form, for example, an elec-
trically erasable programmable read-only memory (EE-
PROM), a Flash memory and/or a hard disk. The computer
readable storage medium 408 includes a computer program
410 1including codes/computer readable instructions that,
when executed by the processor 406 1n the electronic
apparatus 400, enable the electronic apparatus 400 to per-
form the above process described 1n conjunction with the
above embodiments and any variations thereof.

The computer program 410 may be configured as com-
puter program codes having architectures such as computer
program modules 410A-410C. The computer program mod-
ules can substantially perform various actions 1n the pro-

10

15

20

25

30

35

40

45

50

55

60

65

10

cesses described 1n the above embodiments to simulate a
device. In other words, when different computer program
modules are implemented 1n the processor 406, they may
correspond to the above diflerent units 1n the apparatus.

Although the code means in the embodiment disclosed 1n
connection with FIG. 4 1s implemented as a computer
program module, and enable, when executed 1n the proces-
sor 406, the electronic apparatus 400 to perform the actions
described above 1n connection with the above embodiments,
in the alternative embodiment, at least one of the code means
can be implemented at least partially as a hardware circuait.

The processor may be a single CPU (Central Processing,
Unit), or may also include two or more processing units. For
example the processor may include a general purpose micro-
processor, an instruction set processor and/or a related
chipset and/or a dedicated microprocessor (for example, an
application specific itegrated circuit (ASIC)). The proces-
sor may also include an onboard memory for caching
purposes. The computer program may be carried by a
computer program product connected to the processor. The
computer program product may include a computer readable
medium having a computer program stored thereon. For
example, the computer program product may be a flash
memory, a random access memory (RAM), a read only
memory (ROM) or EEPROM, and 1n an alternative embodi-
ment, the above computer program modules may be distrib-
uted 1n the form of storages 1n different computer program
products.

Although the present disclosure has been described 1n
conjunction with the accompanying drawings, the embodi-
ments disclosed 1n the accompanying drawings are intended
to exemplily the preferred embodiment of the present dis-
closure, and shall not be construed as a limitation on the
present disclosure.

Although some embodiments of the present disclosure
have been shown and described, those skilled 1n the art will
appreciate that changes can be made to these embodiments
without departing from the principles and spirit of the
present general mventive concept. The scope of the present
disclosure 1s defined by the claims and their equivalents.

What 1s claimed 1s:

1. A method of identifying a Raman spectrogram, com-
prising;:

a measured spectrogram obtaining step: measuring a
Raman spectrum of a substance to be detected so as to
obtain a measured spectrogram, the measured spectro-
gram 1ncluding a series of data;

a peak information extraction step: extracting peak infor-
mation of the measured spectrogram, the peak infor-
mation 1mcluding a peak intensity, a peak position and
a peak area;

a first identifying step: comparing the peak information of
the measured spectrogram with peak information of a
prestored standard spectrogram so as to idenftily
whether or not the peak information of the measured
spectrogram matches the peak mformation of the stan-
dard spectrogram; and

a second 1dentifying step: comparing, when identifying in
the first identifying step that the peak information of the
measured spectrogram matches the peak information of
the standard spectrogram, data of the measured spec-
trogram with data of the prestored standard spectro-
gram, so as to further identily whether or not the
measured spectrogram matches the standard spectro-
gram.

2. The method according to claim 1, wherein the first

identifying step comprises:
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an ordering step: ordering peaks of the measured spec-
trogram and peaks of the standard spectrogram 1in a
descend order of a peak intensity respectively, so as to
select first ordered N peaks of the measured spectro-
gram and the standard spectrogram;

a comparing step: comparing peak position information
between the first ordered N peaks of the measured
spectrogram and the standard spectrogram; and

a first matching step: determining whether or not the peak
information of the measured spectrogram matches the
peak information of the standard spectrogram based on
a comparison result obtained in the comparing step.

3. The method according to claim 2, wherein the com-

paring step comprises:

calculating absolute differences between peak position of
cach of the first ordered N peaks of the measured
spectrogram and peak position of each of the first
ordered N peaks of the standard spectrogram 1n order 1n
accordance with the following formula (1):

pD=p2[j].fPos-pl[i].fPos| formula (1),

where, N 1s a predetermined number of compared peaks
and 1s a natural number larger than or equal to 3;

1, ] represent order numbers of ordered peaks of the
standard spectrogram and the measured spectrogram
respectively, and 1 and 1 are each an integer larger than
or equal to 0 and smaller than or equal to N;

pl[i].fPos represents a peak position of the i’ peak of the
ordered peaks of the standard spectrogram;

p2[i].fPos represents a peak position of the i’ peak of the
ordered peaks of the measured spectrogram; and

pD represents an absolute difference between peak posi-
tions.

4. The method according to claim 3, wheremn the first

matching step comprises:

determining that the peak information of the measured
spectrogram matches the peak information of the stan-
dard spectrogram when the calculated absolute difler-
ence between the peak positions meets the following
condition (1); and

determining that the peak information of the measured
spectrogram does not match the peak information of the
standard spectrogram when the calculated absolute
difference between the peak positions does not meet the
following condition (1):

pD<p2[]/Width/3 and pD<p1[i]/Width/3

condition (1),

where, pl[1].1Width represents a peak width of the
ordered i” peak of the standard spectrogram; and p2[j]
fWidth represents a peak width of the ordered i peak
of the measured spectrogram.

5. The method according to claim 2, wherein the first

identifving step further comprises:

a peak matching weight calculation step: establishing a
penalty function i1n accordance with the following
formula (2) so as to calculate a peak matching weight;
and

a second matching step: determiming that the peak infor-
mation of the measured spectrogram matches the peak
information of the standard spectrogram when peak
matching weight 1s larger than or equal to a weight
threshold; and determining that the peak information of

10

15

20

25

30

35

40

45

50

55

60

12

the measured spectrogram does not match the peak

information of the standard spectrogram when peak

matching weight 1s smaller than the weight threshold,

h=(1-2%j—i1/10)*(0.5/(i+1))*exp(-pD*2/min(p 1[i]
JWidth,p2[7]./Width))

where:
h represents a peak matching weight;

1, 1 represent order numbers of ordered peaks of the
standard spectrogram and the measured spectrogram

respectively, and 1 and j are each an integer larger than
or equal to O and smaller than or equal to N;

N 1s a predetermined number of compared peaks and 1s a
natural number larger than or equal to 3;

pD represents an absolute diflerence between peak posi-

tions;

p1[i].fWidth represents a peak width of the i”” peak of the

ordered peaks of the standard spectrogram; and
p2[i].fWidth represents a peak width of the i’ peak of the
ordered peaks of the measured spectrogram.

6. The method according to claim 5, wherein the peak
matching weight calculation step and the second matching
step are performed when determining in the first matching
step that the peak information of the measured spectrogram
matches the peak information of the standard spectrogram.

7. The method according to claim 2, wherein N 1s a natural
number larger than or equal to three and smaller than or
equal to five.

8. The method according to claim 1, wherein the second
identifying step comprises:

comparing in correlation between data of the measured

and data of the prestored standard spectrogram.

9. The method according to claim 8, wherein the com-
paring in correlation between data of the measured and data
of the prestored standard spectrogram comprises:

calculating a correlation coefhlicient between the data of

the measured spectrogram and the data of the prestored
standard spectrogram;

determining that the measured spectrogram matches the

standard spectrogram when the calculated correlation
coellicient 1s larger than or equal to a preset correlation
threshold; and

determiming that the measured spectrogram does not

matches the standard spectrogram when the calculated
correlation coeflicient 1s less than the preset correlation
threshold.

10. The method according to claim 8, wherein the step of
comparing in correlation between data of the measured and
data of the prestored standard spectrogram i1s performed
within a union section between peak areas of all of peaks of
the measured spectrogram and the standard spectrogram.

11. The method according to claim 1, further comprises:

a normalization step: normalizing the measured spectro-

ogram and the standard spectrogram:;

wherein the normalization step 1s performed before the

peak mformation extraction step.

12. An electronic apparatus, comprising;

a memory configured for storing executable instructions

therein; and

a processor configured to execute the executable instruc-

tions stored in the memory so as to perform the method
of claim 1.

formula (2),
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